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ABSTRACT 

The invention provides methods and apparatus for regulat 
ing the temperature of a liquid medium While the liquid 
medium is Within a patient. According to one exemplary 
method, a catheter is provided having a catheter body With 
a proximal end and a distal end. At least one lumen extends 
betWeen the proximal end and distal end, and an internal 
temperature altering region is near the distal end. The 
catheter is introduced into a body structure until the tem 
perature altering region is near a target area Within the body 
structure. A liquid medium is introduced into the lumen so 
that the temperature of the liquid medium may be altered 
While passing through the temperature altering region. 
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TEMPERATURE REGULATING CATHETER 
AND METHODS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the regulation 
of the temperature of a ?uid that is to be delivered to a 
speci?c target location Within a body structure. More 
particularly, the invention provides methods and apparatus 
for altering the temperature of a ?uid that is to be delivered 
to the target location While the ?uid is Within the patient. 

On many occasions, the temperature of a ?uid Within a 
patient needs to be regulated. For example, in some medical 
procedures, various ?uids, such as solutes or drugs, are 
delivered to target locations Within the body. The desired 
temperature of these ?uids upon delivery may vastly differ 
from the storage temperature. In such cases, it is therefore 
desirable to heat or cool the ?uid before it reaches the target 
location. Although possible to heat or cool the ?uid outside 
of the patient, such a procedure can be cumbersome and 
require elaborate equipment. 
As another example, ?uids at various temperatures may 

be introduced to a target location Within a patient to regulate 
the temperature of a localiZed area Within a body structure. 
One particular application Where the heating or cooling of a 
speci?c area Within a body structure is desirable is in the 
?eld of neurosurgery. In many cases, it is desirable to cool 
a speci?c area Within the brain prior to performing a surgical 
procedure. 
As a further example, the temperature of body ?uids may 

be regulated to control the patient’s body temperature. The 
regulation of the patient’s body temperature is particularly 
useful in treating patient’s suffering from either hypothermia 
or hyperthermia. 

Under ordinary circumstances, the thermal regulatory 
system of the human body maintains a near constant tem 
perature of about 37° C. (986° Heat lost to the envi 
ronment is precisely balanced by heat produced Within the 
body. Hypothermia is a condition of abnormally loW body 
temperature. Hypothermia can be clinically de?ned as a core 
body temperature of 35° C. or less. Accidental hypothermia 
results When heat loss to the environment exceeds the body’s 
ability to produce heat internally. Hypothermia may also 
occur in patients exposed to mild cold stress Whose thermal 
regulatory ability has been lessened due to injury and illness. 

Hypothermia of either type is a dangerous condition 
Which can have serious medical consequences. In particular, 
hypothermia interferes With the ability of the heart to pump 
blood. Hypothermia may be fatal for this reason alone. 
Additionally, loW body temperatures seriously interfere With 
the enZymatic reactions necessary for blood clotting. This 
sometimes results in bleeding that is dif?cult to control, even 
When normal clotting factor levels are present. These effects 
and other adverse consequences of hypothermia lead to 
drastically increased mortality rates both among victims of 
trauma and in patients undergoing surgery. 

Hyperthermia is a condition of abnormally high body 
temperature and may result from exposure to a hot 
environment, overexertion, or fever. Body core temperatures 
can range from 38° C. to 41° C. due to fever and may be 
substantially higher in cases of exposure and overexertion. 
Like hypothermia, hyperthermia is a serious condition and 
can be fatal. 

Simple methods for treating both hypothermia and hyper 
thermia have been knoWn since early times. In the case of 
hypothermia, such methods include Wrapping the patient in 
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2 
blankets, administering Warm ?uids by mouth, and immers 
ing the patient in a Warm Water bath. To treat hyperthermia, 
some have proposed immersion of the patient in a cool Water 
bath or the administration of cool ?uids. HoWever, such 
methods can have serious draWbacks and limited effective 
ness. 

One particular catheter structure Which has been devel 
oped to treat a patient suffering from either hypothermia or 
hyperthermia is described in US. Pat. No. 5,486,208, the 
complete disclosure of Which is herein incorporated by 
reference. Such a catheter has the ability to heat or cool a 
liquid that is circulated through a catheter body. 

Although such a catheter has been shoWn to be generally 
effective in the treatment of both hypothermia and 
hyperthermia, some improvements are still desired. For 
example, it Would be desirable if such a catheter Were more 
versatile to alloW for the temperature of various ?uids 
introduced into the body to be regulated. In this manner, the 
temperature of an introduced ?uid could be more closely 
controlled at the point of introduction. It Would be further 
desirable if a catheter structure and methods Were provided 
for regulating the temperature of a localiZed region Within a 
body structure prior to performing a medical procedure on 
the body structure. 

SUMMARY OF THE INVENTION 

The invention provides methods and apparatus for regu 
lating the temperature of a ?uid While the ?uid is Within the 
patient. Such a ?uid can include, for example, an externally 
introduced ?uid, an internal body ?uid, or both. To provide 
such features, the present invention in one exemplary 
embodiment provides a catheter comprising a catheter body 
having a proximal end and a distal end. At least one lumen 
de?ning a luminal Wall extends betWeen the proximal end 
and the distal end. A temperature altering mechanism is 
disposed Within the catheter body Which heats or cools the 
luminal Wall to alter the temperature of a ?uid passing 
through the lumen. 
The temperature altering mechanism may comprise a 

heater or a cooler, and is preferably located at a temperature 
altering area. The temperature altering area may be located 
anyWhere along the catheter body and in some embodiments 
Will preferably be located near the distal end of the catheter. 
In another aspect, the temperature altering mechanism is 
preferably disposed near the luminal Wall to heat or cool the 
luminal Wall Without substantial heating of an outer surface 
of the catheter body. In this manner, a ?uid may be exter 
nally introduced into a patient through a proximal port and 
be heated or cooled at the temperature altering region 
Without heating or cooling of the outer surface of the 
catheter body. In this Way, When the ?uid exits the distal end 
of the catheter body, the ?uid Will be Within a desired 
temperature range so that only a particular location Within 
the patient Which is near the distal end of the catheter Will 
be heated or cooled. 

In one exemplary aspect, a plurality of ori?ces are dis 
posed Within the catheter body to permit a body ?uid to ?oW 
through the ori?ces and into the lumen. As the body ?uid 
passes through the temperature altering region, the tempera 
ture of the body ?uid is altered. In this manner, the catheter 
is provided With the versatility of altering the temperature of 
an externally introduced ?uid, an internal body ?uid, or 
both. In a particular aspect, a one-Way valve is associated 
With each ori?ce to prevent the body ?uids from entering 
into the lumen When an external ?uid is injected into the 
lumen from the proximal port. The valves are con?gured to 



6,033,383 
3 

open When the pressure of the body ?uids outside of the 
catheter body are greater than the pressure Within the lumen. 
In this manner, body ?uids Will freely ?oW into the lumen 
for heating or cooling until a ?uid is injected into the lumen 
from outside of the patient to close the valves. In one 
particular aspect, the valves comprise ?aps that are attached 
to the luminal Wall and Will remain open due to the pressure 
exerted by the body ?uid until an external ?uid is injected 
into the lumen. 

The temperature altering mechanism may be con?gured 
in a variety of Ways. For example, the temperature altering 
mechanism may comprise a resistive heater employing 
either electrical or radio frequency current. Various chemi 
cals may also be employed to heat or cool the luminal Wall. 
Alternatively, laser energy may be employed to regulate the 
temperature of the catheter body. In one particularly pref 
erable aspect, the temperature altering mechanism com 
prises a ?rst path Which is adjacent the luminal surface and 
a second path Which is adjacent an outer surface of the 
catheter body. In this Way, a heat transfer ?uid may be 
introduced into a heat transfer ?uid port Where it Will ?oW 
through the ?rst ?uid path adjacent the luminal Wall. As the 
heat transfer ?uid ?oWs through the ?rst path, heat is 
transferred to or from the ?uid ?oWing Within the lumen. 
The heat transfer ?uid is then circulated through the second 
path Where it Will exit the catheter body outside of the 
patient. 

The invention further provides an exemplary method for 
altering the temperature of a liquid medium While the liquid 
medium is Within a patient. According to the method, a 
catheter is provided having a catheter body With a proximal 
end and a distal end. At least one lumen extends betWeen the 
proximal end and the distal end, and an internal temperature 
altering region is provided. The temperature altering region 
may be located anyWhere betWeen the proximal end and the 
distal end, and in some cases Will preferably be located near 
the distal end. With this con?guration, the catheter is intro 
duced into a body structure until the temperature altering 
region is near a target area Within the body structure. Aliquid 
medium is introduced into the lumen, and the temperature of 
the liquid medium is altered While passing through the 
temperature altering region. In this Way, the temperature of 
the liquid medium is altered When delivered to the target 
area. 

In one exemplary aspect, the catheter is con?gured such 
that the liquid medium may be introduced to the lumen at the 
proximal end or introduced into the lumen through ori?ces 
disposed Within the catheter body near the temperature 
altering region. In this Way, a liquid medium may be 
introduced into the lumen from outside the patient While 
body ?uids may also be introduced into the lumen by 
perfusing through the ori?ces. This alloWs various ?uids, 
such as solutes, drugs, blood substitutes and the like to be 
externally injected into the catheter and then be heated or 
cooled before reaching the target location. Further, various 
body ?uids, such as blood, may be heated or cooled While 
Within the patient. 

In one exemplary aspect, the method provides for pre 
venting the body ?uids from entering into the lumen While 
a liquid medium is externally introduced into the lumen. 
FolloWing the introduction of the external liquid medium, 
the method provides for alloWing body ?uids to again enter 
into the ori?ces Where they pass through the temperature 
altering region. 

Con?guration of the catheter in this manner alloWs for the 
performance of various medical procedures. For example, 
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4 
the distal end of the catheter may be positioned near a target 
site Where a drug or solute is to be introduced. Inclusion of 
the temperature altering region alloWs for the drug or solute 
to be heated or cooled to a desired temperature upon 
delivery. Other ?uids may also be introduced to the tem 
perature altering region to regulate the temperature of a 
particular location Within a body structure prior to perform 
ing a surgical procedure. For example, such a method may 
be employed to cool a particular vessel Within the brain. 
Inclusion of the ori?ces also alloWs for convenient tempera 
ture regulation of the patient’s blood so that a patient 
suffering from either hypothermia or hyperthermia may be 
treated. 

In one exemplary aspect, the temperature of the liquid 
medium is altered Without substantial alteration of the 
temperature of an outside surface of the catheter body. In 
another aspect, the temperature of the liquid medium is 
preferably heated by a temperature in the range from about 
38° C. to about 40° C. In a further aspect, the temperature 
of a liquid medium Will preferably be cooled by a tempera 
ture that is in the range from about 36° C. to about 30° C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a distal end of a catheter according to the 
present invention Which is inserted into a vessel of a patient. 

FIG. 2 is a cross-sectional side vieW of the catheter of 
FIG. 1 taken along lines 2—2 and depicting a temperature 
altering region. 

FIG. 3 is a side vieW of an exemplary catheter for heating 
or cooling a ?uid passing through an internal lumen accord 
ing to the invention. 

FIG. 4 is a more detailed vieW of a distal end the catheter 
of FIG. 3. 

FIG. 5 is a side vieW of an alternative catheter for heating 
a ?uid passing through an internal lumen according to the 
invention. 

FIG. 6 is a side vieW of the catheter of FIG. 5 taken along 
lines 6—6. 

FIG. 7 is a side vieW of another alternative embodiment 
of a catheter for heating or cooling a ?uid passing through 
an internal lumen and having a plurality of perfusion ori?ces 
for alloWing body ?uids to enter into the internal lumen 
according to the invention. 

FIG. 8 is a cutaWay side vieW of a portion of the catheter 
of FIG. 7 shoWing a plurality of ?aps Which are closed to 
prevent body ?uids from entering into the internal lumen 
When a liquid is externally injected into the lumen. 

FIG. 9 illustrates the catheter of FIG. 8 shoWing the ?aps 
opening to alloW body ?uids to enter into the internal lumen 
When no ?uids are externally injected into the lumen. 

FIG. 10 depicts the distal end of a catheter having a 
resistance heating element and a temperature sensor. 

FIG. 11 depicts a catheter in Which a heated or cooled 
?uid ?oWs through a balloon, Which provides for an 
increased surface area at the distal end. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

The invention provides methods and apparatus for regu 
lating the temperature of a ?uid that is to be delivered to a 
target location Within a body structure While the ?uid is 
Within the patient. The regulation of the ?uid’s temperature 
in this manner lends itself to a variety of applications 
including heating or cooling the temperature of a drug or 
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solute before its delivery to a target site. Regulation of the 
temperature of the injected ?uid may also ?nd use in 
regulating the temperature of the target location itself in 
preparation for various medical procedures, including neu 
rosurgical procedures Within the brain. Further, the methods 
and apparatus alloW for a patient’s body temperature to be 
controlled by Warming or cooling the patient’s blood in situ. 
By Warming or cooling the patient’s blood, the patient’s 
body temperature may thereby be increased or decreased as 
desired. Such methods and apparatus therefore provide a 
convenient therapy for treating hypothermia or hyperther 
m1a. 

FIG. 1 depicts a distal end 10 of a catheter 12 according 
to the present invention. The catheter 12 has been inserted 
through the patient’s skin into a blood vessel BV. Blood ?oW 
through the vessel is indicated by a set of arroWs F. At distal 
end 10 is a temperature altering region 14, it being appre 
ciated that the temperature altering region may be located 
anyWhere betWeen the proximal end and the distal end. 
As best shoWn in FIG. 2, catheter 12 includes an internal 

lumen 16. A temperature altering mechanism 18 is provided 
adjacent the luminal Wall of lumen 16 at the temperature 
altering region 14. For convenience of discussion, tempera 
ture altering mechanism 18 is illustrated schematically and 
may comprise a variety of mechanisms that are employed to 
either heat or cool the luminal Wall of lumen 16 to heat or 
cool the ?uid passing through lumen 16 at the temperature 
altering region 14. Exemplary mechanisms for heating or 
cooling the luminal Wall include heated or cooled ?uids 
passing through catheter 12 near the luminal Wall, resistive 
elements disposed Within catheter 12, laser energy that is 
supplied to the temperature altering region, various chemi 
cals disposed Within the catheter body, thermoelectric 
crystal, and the like. Use of such mechanisms alloW ?uids 
passing through lumen 16 at the temperature altering region 
14 to have their temperature altered so that they Will be 
Within a desired range When exiting catheter 12. 

Catheter 12 may be manufactured in various siZes 
depending upon the particular application. For most uses, it 
Will have a length in the range from about 30 cm to about 
130 cm and a diameter in the range from 6 to 12 French (1 
French=0.33 Catheter 12 Will preferably be ?exible to 
alloW the catheter to be moved through various vessels 
Within a patient, preferably With the assistance of a 
guideWire. 

Techniques for inserting catheters into various blood 
vessels are Well knoWn among medical personnel. Although 
the method of the present invention Will probably be most 
commonly employed in a hospital, the procedure need not be 
performed in a operating room. The apparatus and proce 
dures are so simple that the catheter may be inserted and 
treatment may begin in some cases even in an ambulance or 
in the ?eld. 

Temperature altering mechanism 18 Will preferably be 
con?gured to heat a ?uid passing through the temperature 
altering region so that its temperature Will be heated by at 
least 5° C. to about 42° C. When cooling a ?uid, the 
temperature altering mechanism 18 Will preferably be con 
?gured to cool the ?uid by at least 7° C. to about 30° C. 
Temperature altering mechanism 18 should be designed to 
optimiZe the rate of heat transfer betWeen the catheter and a 
?uid ?oWing through the internal lumen. Further, the tem 
perature of the catheter should be carefully controlled to 
prevent undesirable chemical changes Within the blood. This 
is especially important When applying heat to the blood as 
blood is readily denatured by even moderately high tem 
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6 
peratures. The temperature of the luminal Wall for Warming 
blood should generally not exceed about 42° C. to 43° C. 
The amount of energy to be supplied to heat a patient’s core 
body temperature is described in Us. Pat. No. 5,486,208, 
previously incorporated by reference. 

The temperature altering mechanism 18 Will preferably be 
arranged Within catheter 12 so that the temperature of the 
luminal Wall may be heated or cooled Without substantial 
direct heating of an outer surface of the catheter 12. In this 
Way, catheter 12 may be employed to selectively heat or cool 
a speci?c target site by simply positioning the distal end of 
the catheter at the target site and introducing a ?uid through 
lumen 16. 

Referring noW to FIG. 3, an exemplary embodiment of a 
catheter 20 Which circulates a heat transfer ?uid to alter the 
temperature of a ?uid passing through the catheter Will be 
described. Catheter 20 comprises a catheter body 22 having 
a proximal end 24 and a distal end 26. A lumen 28 extends 
betWeen proximal end 24 and distal end 26. At proximal end 
24 is a proximal port 30 through Which various ?uids may 
be introduced into lumen 28 from outside of a patient. 
Passing through catheter body 22 is a ?rst ?uid path 32 and 
a second ?uid path 34. A ?rst port 36 is in communication 
With ?rst ?uid path 32 and a second port 38 is in commu 
nication With second ?uid path 34. In this manner, a heated 
or cooled heat transfer ?uid may be introduced into ?rst port 
36 Where it passes through ?rst ?uid path 32 adjacent lumen 
28. As the heat transfer ?uid passes through ?rst ?uid path 
32, heat is transferred either to or from a ?uid passing 
through lumen 28 to heat or cool the ?uid to a desired 
temperature before exiting catheter body 22. After passing 
through ?rst ?uid path 32, the heat transfer ?uid circulates 
back through catheter body 22 through second ?uid path 34 
Where it exits second port 38. 

FIG. 5 depicts an embodiment of a catheter 40 Which 
employs resistive heating to heat a ?uid passing through the 
catheter. Catheter 40 comprises a catheter body 42 having a 
proximal end 44 and a distal end 46. A lumen 48 passes 
through catheter body 42 betWeen proximal end 44 and 
distal end 46. Aproximal port 50 is provided to facilitate the 
introduction of ?uids into lumen 48 from outside a patient. 
Disposed Within catheter body 42 near lumen 48 are a 
plurality of Wires 52 (See also FIG. 6). Wires 52 exit catheter 
body 42 through a port 54. Wires 52 may be connected to 
either a DC or loW frequency AC poWer supply. As electrical 
current passes through Wires 52, some of the energy is 
dissipated as heat to heat the luminal Wall. Alternatively, a 
radio frequency or RF poWer supply may be employed to 
supply poWer to electrodes disposed Within catheter body 42 
to heat the luminal Wall. 

Referring noW to FIGS. 7 and 9, an exemplary embodi 
ment of a catheter 56 Which may be employed to heat or cool 
an externally injected ?uid, to heat or cool a body ?uid in 
situ, or both. Catheter 56 comprises a catheter body 58 
having a proximal end 60 and a distal end 62. Extending 
betWeen proximal end 60 and distal end 62 is a lumen 64. A 
proximal port 66 is provided at proximal end 60 and alloWs 
various ?uids to be injected into lumen 64 While port 66 is 
positioned outside a patient. At distal end 62 is a temperature 
altering region 68 Which includes a temperature altering 
mechanism 18. The particular temperature altering mecha 
nism 18 may comprise any of those previously described 
With the other embodiments set forth herein. In this manner, 
a ?uid Which is injected into port 66 Will pass through lumen 
64 and have its temperature altered When passing through 
temperature altering region 68 in a manner similar to that 
previously described With other embodiments. 
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Catheter body 58 includes a plurality of perfusion ori?ces 
70 Which extend through the Wall of the catheter body to 
provide ?uid paths to lumen 64. As shoWn by the arroWs in 
FIG. 7, a body ?uid, such as blood, may pass through 
ori?ces 70 and into lumen 64 Where it Will have its tem 
perature altered at region 68 so that the temperature of the 
body ?uid Will be Within a desired range When exiting 
catheter body 58 at distal end 62 as shoWn. 
As best shoWn in FIGS. 8 and 9, attached to the luminal 

Wall of catheter body 58 are a plurality of ?aps 72. Flaps 72 
are employed to control the passage of body ?uids through 
ori?ces 70 and into lumen 64. Flaps 72 may be constructed 
to be similar to those described in US. Pat. No. 5,180,364, 
the disclosure of Which is herein incorporated by reference. 
As shoWn in FIG. 8, When a ?uid is injected into lumen 64 
at port 66, the pressure and direction of ?oW of the injected 
?uid Will cause ?aps 72 to close over ori?ces 70 so that 
essentially only the injected ?uid Will pass through tempera 
ture altering region 68. In this Way, the temperature of the 
injected ?uid Will have its temperature altered so that it Will 
be Within a desired range When exiting the distal end. 
As shoWn in FIG. 9, When no ?uids are injected into port 

66, the pressure of the body ?uid Within a vessel Will cause 
?aps 72 to open to alloW the body ?uids to ?oW through 
ori?ces 70 and into lumen 64. In this manner, a body ?uid, 
such as blood, may have its temperature altered by passing 
through ori?ces 70 and through temperature altering region 
68. The con?guration of ?aps 72 in this manner is advan 
tageous in applications Where the patient’s core body tem 
perature needs to be altered. By simply introducing catheter 
56 into the patient, the blood Which ?oWs into lumen 64 via 
ori?ces 70 Will have its temperature altered by the time it 
exits distal end 62. In the event that a solute or drug is also 
needed for therapy, it may be introduced into lumen 64 
through port 66 and have its temperature be substantially the 
same as the exiting blood temperature. 

Electrical conduction leads 122 and 123 are connected to 
a resistance heating element 128 as depicted in FIG. 10. 
Electrical current provided by a poWer source (not shoWn) is 
converted to heat Within the heating coil. That heat Warms 
distal end 115 of the catheter and is thereby transferred to 
blood ?oWing through the vessel. Temperature measurement 
lead 125 is connected to a temperature sensor 130. The 
temperature sensor facilitates the control of current ?oW 
through the heating coil. It is important to closely monitor 
the temperature of the distal end of the catheter and thus the 
?oW of heat in,to the patient’s blood. Care must be taken not 
to overheat the blood While still providing an adequate rate 
of heat transfer into the patient. The provision of a sensitive 
temperature sensor at the distal end of the catheter Will help 
to achieve this goal. 

FIG. 11 depicts still another means for transferring heat to 
or from the distal end of a catheter. In this embodiment, 
catheter body 120 has tWo lumens running through it. Fluid 
?oWs from the proximal end of the catheter through in-?oW 
lumen 160, through a heat transfer region 162, and back out 
through out-?oW lumen 164. By supplying either Warmed or 
cooled ?uid through in?oW lumen 160, heat may be trans 
ferred either to or from the patient’s blood stream. In the 
embodiment depicted, heat transfer region 162 is in the form 
of a balloon 170. Use of a balloon Will be advantageous in 
some embodiments to provide an increased surface area 
through Which heat transfer may take place. Balloon in?a 
tion is maintained by a pressure difference in the ?uid as it 
?oWs through in-?oW lumen 161) and out-?oW lumen 164. 
The balloon should be in?ated to a diameter someWhat less 
than that of the inside diameter of the blood vessel so as not 
to unduly impede the ?oW of blood through the vessel. 
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8 
Hence, the present invention provides methods and appa 

ratus Which are useful in regulating the temperature of 
various ?uids While such ?uids are Within a patent. With 
such an arrangement, a variety of procedures may be per 
formed. For example, a drug or solute that is introduced 
from outside the patient may have its temperature altered 
Within the catheter before reaching a target location. Further, 
a ?uid may be heated or cooled Within the catheter to in turn 
heat or cool a speci?c region of a body structure prior to the 
performance of a medical procedure. In another alternative, 
the temperature of a patient’s body ?uid, such as blood, may 
be altered in situ to treat a patient suffering from either 
hypothermia or hyperthermia. Although several illustrated 
examples of means for practicing the invention are described 
above, these examples are by no means exhaustive of all 
possible means for practicing the invention. The scope of the 
invention should therefore be determined With reference to 
the appended claims, along With a full range of equivalents 
to Which those claims are entitled. 
What is claimed is: 
1. A catheter for placement in a body structure Within a 

patient, the catheter comprising: 
a catheter body having a proximal end, a distal end, at 

least one lumen de?ned by a luminal Wall extending 
betWeen the proximal end and the distal end said 
luminal Wall de?ning at least one ori?ce therethrough 
to permit a body ?uid to ?oW therethrough from the 
body of the patient into said lumen; and 

a temperature altering mechanism in thermal communi 
cation With said lumen Which alters the temperature of 
the body ?uid passing through the lumen. 

2. A catheter as in claim 1, further comprising a proximal 
port at the proximal end of the catheter body Which is in ?uid 
communication With the lumen, Whereby ?uids introduced 
into the proximal port may pass through the lumen and have 
their temperature altered before exiting from the distal end. 

3. A catheter as in claim 2, further comprising a one-Way 
valve associated With each ori?ce Wherein the valves pre 
vent body ?uids from entering the lumen through the at least 
one ori?ce When closed and Wherein the valves are con?g 
ured to close When introducing an injection ?uid into the 
lumen from the proximal port. 

4. A catheter as in claim 3, Wherein the valves are 
con?gured to open When the pressure of the body ?uids 
outside the catheter body is greater than the pressure Within 
the lumen. 

5. A catheter as in claim 4, Wherein the valves comprise 
?aps attached to the luminal Wall. 

6. A catheter as in claim 1, Wherein the temperature 
altering mechanism comprises a channel Within the catheter 
body running parallel to at least a portion of the lumen 
through Which a heat transfer ?uid may be passed. 

7. A catheter as in 6, Wherein the channel includes a ?rst 
path Which is adjacent the luminal surface and a second path 
Which is adjacent an outer surface of the catheter body. 

8. A catheter as in claim 7, further comprising a heat 
transfer ?uid port in communication With the ?rst path and 
an exit port in communication With the second path. 

9. A catheter as in claim 1, Wherein the temperature 
altering mechanism comprises a heater. 

10. A catheter as in claim 1, Wherein the temperature 
altering mechanism comprises a cooler. 

11. A catheter as in claim 1, Wherein the catheter body is 
de?ned by an outer surface and the temperature altering 
mechanism is disposed near a luminal Wall section Within 
the temperature altering region to heat or cool the luminal 
Wall section Without substantial heating or cooling of the 
outer surface of the catheter body. 



6,033,383 
9 

12. A catheter as in claim 1, wherein the catheter body is 
?exible and has a length in the range from about 30 cm to 
about 130 cm and an outer diameter in the range from about 
2 mm to about 6 mm. 

13. A catheter as in claim 1 Wherein the catheter body has 
a discrete temperature altering region for heat transfer 
formed along only a portion of the catheter body, and further 
Wherein said temperature altering mechanism is contained 
Within said temperature altering region. 

14. A catheter as in claim 1 Wherein said body structure 
is a blood vessel and said body ?uid is blood. 

15. A heat exchange catheter comprising: 
a catheter body de?ned by a proximal end, a distal end, 

and an internal lumen de?ned by a luminal Wall extend 
ing along at least a portion of the catheter body for 
passage of ?uid, said catheter body is formed With at 
least one ori?ce in communication With the internal 
lumen to permit a body ?uid to ?oW therethrough from 
the body of the patient into the internal lumen; and 

a heat transfer region de?ned along only a discrete portion 
of the catheter body distal to the proximal end of the 
catheter body having a temperature altering mechanism 
adjacent to the luminal Wall of the catheter body for 
exchanging heat With the ?uid Within the lumen. 

16. The heat exchange catheter as recited in claim 15 
Wherein the temperature altering mechanism includes a ?rst 
?uid path and a second ?uid path for circulating a heat 
transfer ?uid to heat or cool ?uid passing through the 
internal lumen of the catheter body. 

17. The heat exchange catheter as recited in claim 15 
Wherein the catheter body is formed With a proximal port 
toWards the proximal end of the catheter body in ?uid 
communication With the internal lumen of the catheter body. 

18. A method for regulating the temperature of a liquid 
medium While the liquid medium is Within a patient, the 
method comprising: 

providing a catheter comprising a catheter body having a 
proximal end, a distal end, at least one lumen de?ned 
by a luminal Wall extending betWeen the proximal end 
and the distal end, and an internal temperature altering 
region disposed along the luminal Wall of the catheter 
body for heat transfer de?ned by only a portion of the 
catheter body; 

introducing the catheter into a body structure until the 
distal end of the catheter body is near a target area 
Within the body structure; 

introducing a liquid medium into the lumen; and 
altering the temperature of the liquid medium While 

passing through the temperature altering region so that 
the temperature of the liquid medium is altered When 
delivered to the target area. 

19. Amethod as in claim 18, Wherein the catheter body is 
formed With at least one ori?ce proximal of the temperature 
altering region and the liquid medium is introduced into the 
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lumen through the at least one ori?ce While the at least one 
ori?ce is Within the body structure. 

20. A method as in claim 19, further comprising intro 
ducing an injection ?uid into the lumen from the proximal 
end, and introducing a body ?uid into the lumen through the 
at least one ori?ce While the at least one ori?ce is Within the 
body structure. 

21. A method as in claim 20, further comprising prevent 
ing the body ?uid from entering into the lumen through the 
at least one ori?ce When the injection ?uid is introduced into 
the lumen from the proximal end. 

22. A method as in claim 21, further comprising prevent 
ing the injection ?uid from exiting the catheter body through 
the at least one ori?ce, Wherein the injection ?uid passes 
through the temperature altering region and exits the cath 
eter body from the distal end. 

23. A method as in claim 18, Wherein the body structure 
comprises a vessel. 

24. A method as in claim 23, Wherein the vessel is located 
Within the brain or other organ. 

25. A method as in claim 18, Wherein the temperature of 
the liquid medium is altered Without substantial alteration of 
the temperature of an outside surface of the catheter body. 

26. A method as in claim 18, Wherein the temperature of 
the liquid medium is heated by a temperature in the range 
from about 36° C. to about 42° C. 

27. A method as in claim 18, Wherein the temperature of 
the liquid medium is cooled by a temperature in the range 
from about 36° C. to about 30° C. 

28. A method as in claim 18, Wherein the liquid medium 
comprises a body ?uid Which is selected from the group of 
liquid mediums comprising solutes, drugs, body ?uids, and 
blood or blood substitutes. 

29. A method as in claim 18, Wherein the liquid medium 
is introduced into the lumen at the proximal end. 

30. A method as in claim 18, Wherein the catheter body 
includes a channel and the temperature altering step further 
comprises passing a heat transfer ?uid through the channel. 

31. Amethod for altering the temperature of a body ?uid, 
said method comprising the steps of: 

providing a catheter having a lumen, said lumen having at 
least one ori?ce to permit a body ?uid to ?oW through 
said ori?ce into said lumen, said catheter further having 
a heat altering mechanism in thermal communication 
With ?uid contained Within said lumen; 

placing said catheter in a body structure containing body 
?uid; 

permitting said body ?uid to enter said lumen; and 
altering the temperature of said body ?uid by said heat 

altering mechanism. 
32. A method as recited in claim 31 Wherein said body 

structure is a blood vessel and said body ?uid is blood. 

* * * * * 


